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Introduction
Several moss species have been used as a biomarker of environmental pollution with chemicals such as heavy metals and some organic compounds. In Europe environmental monitoring of heavy metals with mosses as indicators started in the second half of the 20 th century and has been conducted till this time (i.e. Hermes et al. 2008 Hermes et al. , 2010 Kleppin et al. 2008; Šakalys et al. 2009 ). In Poland, this kind of investigation has been conducted for several dozen of years (i.e. Grodzińska 1978 (i.e. Grodzińska , 1980 Ciepał 1992 Ciepał , 1999 Szarek-Łukaszewska et al. 2002; Grodzińska et al. 2003; Dmuchowski et al. 2009; Kosior et al. 2010; Ochota et al. 2012) .
The observation of changes of air pollution over 50, 100 or even more years is very interesting. This type of research can be carried out using previously collected and stored moss materials in herbaria. In some papers information of this possibility were published (Herpin et al. 1997; Weiss et al. 1999; Peñuelas, Filella 2002; Shotbolt et al. 2007; Saxena et al. 2008; T. Cao et al. 2008; Wojtuń et al. 2012) .
This paper provides information on using herbarium specimens of mosses housed in the Herbarium of the Department of Pharmaceutical Botany of Medical University of Silesia in Katowice (SOSN) for biological assessment of changes in the heavy metals pollution in the Katowice city.
Study area
Silesian Upland is a large region, covering over 4000 square kilometres in southern Poland. It is the most urbanized and industrialized area, with strongly changed natural environment. Heavy industry, mainly coalmining and metallurgy, has developed in this area since the end of the 18 th century. In the second of half of 20 th century intense urbanization and industrialization have began. Considering lower ecological norms that time, it caused water, air and soil pollution on unprecedented scale. Since the end of 20 th century air quality has improved as a result of economic changes that have reduced the share of industry in the Polish economy.
Katowice is the largest city within the Upper Silesian Industrial District, covering an area of about 165 km and depression filled with Pleistocene deposits, lying between them. The human impact is the main factor shaping the landscape of Katowice causing the disappearance of natural features and the creation of anthropogenic ones (pits, embankments, mining and metallurgic waste tips). The forest areas in Katowice, quite large especially in southern part, represent in overwhelming majority managed forests (Fig 1) , mainly monocultures of few tree species, first of all Scots pine Pinus sylvestris L. 
Aim of the study and research methods
The purpose of the investigation was the verification of usability of herbarium specimens of selected moss species in assessment of changes of heavy metals pollution in Katowice Fojcik and Stebel (2001) . They are stored in paper envelopes, which are arranged in cardboard folders, closed in wooden lockers. To verify the correctness of assumption, that these specimens were not contaminated of heavy metals during their storage, the control samples were necessary. They are selected from the collection of mosses made by J. Żarnowiec from Białowieża Primeval Forest (Żarnowiec 1995), considered as a "clean" part of Poland, in the nineties of 20 th century, stored in the same conditions (Fig 2) . For the initial studies lead and cadmium have been chosen, which are among the most toxic heavy metals and their mining and processing industry occurred in the vicinity of Katowice. In the future it is planned to mark other elements.
Dry samples of moss were cleaned of foreign components, including the soil, and dried in air ambient temperature. After drying the samples were mineralized using 69.0-70.0% nitric acid 'BAKER INSTRA-ANALYZED for Trace Metals Analysis'. Content of Pb and Cd were determined by atomic absorption spectrometry with electro-thermal atomization (ETAAS) using ZL 4100 Perkin Elmer with the Zeeman's method of background correction.
Prior to determination of Pb and Cd content in mosses, the method was validated using Certified Reference Material of mixed Polish herbs 'INCT-MPH-2' (Tab 1). 
Results
In total, 19 samples were tested, 16 from Katowice and 3 from Białowieża. Due to the small amount of material, metal content in the herbarium samples was measured once, whereas in samples collected in 2012 twice.
Results of measurements of selected moss samples from stations from Katowice and Białowieski National Park are set in figures 3 and 4.
Contents of lead and cadmium in the samples collected in Białowieski National Park are several times lower than in samples gathered at the same time in Katowice. It indicates, that conditions of specimens preservation in herbarium do not influence the degree of lead and cadmium contamination. It is worth mentioning that in samples from Białowieski National Park contents of lead in Hypnum cupressiforme is clearly higher than in specimens of Brachythecium, which supports observations that this species accumulates lead better than other mosses (Otwos et al. 2003) . Inversely, it seems that Hypnum cupressiforme is worse cadmium accumulator than investigated mosses from the genus Brachythecium, but this observations must be tested on the greater part of samples.
Generally speaking, degree of contamination of lead and cadmium in Katowice slightly decreases, but varies in particular quarters of Katowice. The main reasons are changes in management on this area. At the beginning of 21 th century a lot of heavy industry works (coal mines, steelworks) were closed, but road network and flat and house building have strongly increased. Preliminary results obtained in these investigations confirm the possibility of application of herbarium specimens of mosses in the biological assessment of changes in lead and cadmium contamination. Of course, some local differences between particular localities and species are recorded. These problems will be the subject of the further studies. 
